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Each Seed Ordinarily Infested by Not More than One Larva—Mottled Seeds
Look as if They Had Already Been Entered, and Therefore

the Larvae Appear to Discriminate against Them
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PROTECTIVE coloration in ani-
mals is familiar, but in plants it
is not so common. What may-
be a case of protective marking

has been found recently in a shipment
of maize from Bolivia.

In a collection of maize secured from
the Bolivian exhibit at San Francisco
in 1915, through the courtesy of Dr.
Otto Buchtien, an ear was found with
kernels that had the color of the aleurone
cells distributed in a curious mottled
pattern strongly suggesting the appear-
ance of self-colored seeds that had been
infested with the larvae of the Angou-
mois grain moth (Sitotroga cerealella).

The possibility of this resemblance
serving as a protection against the
Angoumois moth was immediately sug-
gested. Several investigators have
recognized that two larvae do not enter
a kernel of wheat or other small grains,
but so far as known this fact has not
been established for maize. The fact
that a single larva completely consumes
the contents of one of these small
grains may account for the fact that
they usually support but one larva.
A seed of maize, however, is large
enough to provide ample food for two or
more, and unless some selection is
exercised by the larva many seeds
should be found having more than one
occupant.

As the eggs of the Angoumois moth
are laid in batches of about thirty, the
discrimination in the choice of seeds
must be made by the larvae.

If selection is exercised it does not
seem unreasonable to suppose that the
track in the aleurone layer serves as a
warning to the newly hatched larva
that the kernel already has an inhabitant,
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and it seems possible that the mottled
seed sufficiently resembles the track of a
larva to accomplish the same result.

The mottled ear was shelled and the
number of infested seeds determined.
There were 202 undamaged seeds and
100 with a single larva, but none was
found with more than one larva.

As further evidence that larvae avoid
seeds already occupied, a census of the
self-colored ears from the same collec-
tion is shown in Table I. If the selec-
tion exercised by the newly hatched
larvae were perfect no seeds having
more than one inhabitant should be
found, while the table shows many such
seeds. The number, however, is far
short of that which might be expected
had there been no selection. Some
degree of selection, then, wduld seem to
be a fact, and newly hatched larvae do
avoid seeds already inhabited.

If it is admitted that the white
tracks left by larvae deter other larvae
from entering the seed, it does not ap-
pear too fanciful to suppose that the
white mottling which so closely re-
sembles the tracks, serve the same pur-
pose. The idea is strengthened by
the small percentage of infested seeds
and the fact that none was found having
two inhabitants. It is, of course, pos-
sible that the mottled ear was more
favorably situated and hence was not
subjected to the same severe attacks.
This chance, however, is remote as the
remaining ears of many types that
occupied the same case were all badly
infested.

A comparison of the degree of double
infestation on a self-colored ear having
all the seeds infested, with the degree



SEEDS OF BOLIVIAN MAIZE

The group at the left is made up of self colored seeds infested by the larvae of the Angoumois
moth, whose tracks are conspicuous on the seeds. The group at the right has not been
attacked by this larva, but the mottled coloring resembles the tracks of the larvae. It
seems possible that this mottling may deceive the larvae; they "think" that the seeds
have already been entered and therefore pass on to find fresh fields. Photograph natural
size. (Fig. 1.)

T A B L E I.—Percentage of Non-infested, Single-infested and Double-infesled Seeds Compared with the
Expected Percentage*

Color
of ear

Self
Self
Self

Mottled

Total
seeds

410
295
254
302

Per cent
of seeds

not
infested

26.8
33.9

1.6
67.0

Per cent
of seeds
infested

with
one larva

66.0
61.3
74.8
33.0

Per cent
of seeds
infested

with more
than

one larva

7.1
4.7

23.6
.0

Expected
more than
one larva

19.3*1.31
15.9±1 44
34.5*2.01
4.4± .8

Deviation

12.2
11 2
10.9
4.4

D
E

9.3
7.8
5.4
5.5

* I am indebted to Dr. Sewall Wright for suggesting the method used to determine the ex-
pected number of double-infested seeds.
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The formula for calculating the expected percentage of uninfested seeds is

the percentage of single-infested the formula is . .

total number of seeds and L = the number of larvae. The remainder, of course, equals the
number of seeds infested with one or more larvae.
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and for

— I where A7= the total
N)

of infestation on a mottled ear, also
affords a measure of the effectiveness of
the mottled aleurone as a protection.
Since all the seeds of a mottled ear
have the appearance of being infested

the percentage of seeds actually in-
fested should approximate the per-
centage of double-infested seeds on a
self-colored ear having all the seeds
infested by at least one larva. These
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ears would appear alike and discrimina-
tion would be impossible.

One all-colored ear having practically
all of the seeds infested is shown in
Table 1. The percentage of double-
infested seeds on this ear is 23.6 =*= 2.1%
while the percentage of infested seeds
on the mottled ear is 33.2=±=1.8%. If
this difference is considered significant,
it will be necessary to look upon the
protection afforded by the mottled
color as not quite so effective in pre-
venting initial injury as actual infesta-
tion is in preventing double infestation.
In other words the mimicry is not quite
perfect.

It would be interesting to compare
the degree of infestation of mottled
seeds with seeds entirely white, but no
white ears of the mottled type were
present in the collection, and an examin-
ation of several importations received
directly from Bolivia in previous years
revealed no all-white ears of this type.

The moth Sitotroga cerealella first
attracted attention in Europe in 1728
and is supposed to have reached this
country about thirty yeajs later. Of
its occurrence in Bolivia nothing seems
to be known. The fact that the ancient
Incas were accustomed to store large
quantities of corn might seem to indicate
that the insect was not present. It
would appear, therefore, that although
mottled seeds may be in some measure
protected, it would be quite unwar-
ranted to ascribe the development of
the mottling to selection. It must be
remembered that the degree of protec-
tion which the mottling of the seeds
seems to afford may after all be but
the result of accident. The resemblance
is so close, however, that the possibility
of its affording protection seems worth
considering. A true test will await an
ear having both self-colored and mot-
tled seeds, a combination which is
genetically possible.

Experience with Loganberry Hybrids
W. O. Backhouse's remarks on logan-

berry seedlings QOURNAL OF HEREDITY,
November, 1916), mentioned experi-
ments made by Laxton Bros, in England.
Notice in the Gardeners' Chronicle (Lon-
don), evoked a communication(Decem-
ber 23) from Laxton Bros., in which,
after stating that they are "substan-
tially in agreement" with Backhouse,
they say:

"In the last paragraph you make
reference to the Phenomenalberry as
being of undoubtedly hybrid origin.
"We are firmly of opinion that this is
nothing more nor less than a a f i l i ng
from the Loganberry, which it very
closely resembles, although slightly larger
and sweeter—in fact, the difference is so
small to the eye that we do not think
we could pick out the plants from the
Loganberry unless they were in the
fruiting stage. You also figure the
Lowberry as being a hybrid between
the Loganberry and the Blackberry.
We do not think this is a fact. We
ourselves have imported a variety un-
der the name of Californian Mammoth

Blackberry, from America, which we are
unable to distinguish from the Lowberry.
We draw your attention to these
matters, as when your paper makes
authoritative statements they are apt
to be quoted in years to come. There
are undoubtedly two Rubus hybrids in
commerce, namely, the Mahdi (be-
tween a yellow Raspberry and the
Loganberry) and the Laxtonberry. We
have obtained F2 seedlings from .the
Mahdi—amongst them a Rubus similar
to a yellow raspberry—and the Laxton-
berry is a cross between Superlative
Raspberry and the Loganberry. Both
these hybrids are more or less self-
sterile, and require planting amongst
other Rubi. We have purchased from
Messrs. Veitch the stock of the Veitch-
berry, which is a hybrid between the
Blackberry and the Loganberry. This
is not at present in commerce. There
have been many seedlings from crosses
between the Loganberry and other
Rubi, but in nearly all cases self-
sterility has prevented them being of
any commercial value."


